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The great majority of studies of growth in relation to puberty have been carried out on girls, since the onset of menstruation provides a fixed point which can be accurately recorded, whilst the age of establishment of a regular menstrual cycle can also be determind in most cases within comparatively narrow limits. Although the onset of menstruation does not necessarily correspond with the onset of ovulation, and has indeed tended to obscure the fact that puberty is actually a period of trasition from childhood to adolscence rather than a single fixed point, its use for statistical purposes has thrown considerable light on the relationship of growth to early or late maturity. Thus Flory (1935) and others have found that girls who menstruated early showed radiological evidence of more advanced osseous development (e.g. appearance of the sesamoid on the distal end ofthe first metacarpal) than non-pubescent children of the same age, whilst Stone and Barker (1937) described an early slowing-down of growth in girls who had menstruated early, and found that, after the age ofsixteen, girls who had not menstruated were in fact taller than those in whom the menarche had occurred.
In the case of boys there is no fixed point corresponding to the onset of menstuation which can be accurately determined, and it is probable that spermatogenesis is more gradually established than ovulation. Assays of excretion of 17-ketasteroids (Nathanson et al., 1939 (Nathanson et al., , 1941 Talbot et aL, 1943) also suggest that this is of gradual incease, with a wide normal variation, and although excretion of gonadotrophic hormone in the urine shows a general tendency to increase with increasing maturity (Catchpole et al, 1938) it cannot as yet be said to provide an accurate index of onset of puberty. The appearance of pubic hair, though usually an early sign of pubescence, bears no very constant relationship to genital development, whilst other secondary sexual characters, e.g. skin and voice changes, are all gradual in onset.
By considering the various clinical manifestatons of puberty together, however, it is possible even in boys to establish grades of matunty, and to classify groups of boys into these with some degree of accuracy. Greulic et al. (1942) have described five such maturity-goups. Although the classical mpno-0 IU graph of these authors was not available when the present study was carried out, it was found subsequently that closely similar criteria for grading had been established independently; in the present study, however, only three maturity-groups have been compared, the 'prepubcnt' group corresponding approximately with Greulich's Grades 1 and 2, the 'pubescnt' with Grade 3, and the 'adolescent' with Grades 4 and 5.
The purpose of the present investigation was to determine whether any si nt difference in mean height and weight of boys in the same age-groups but in different maturity-groups could be demonstrated and, if so, how far back these differences were manifest. At the same time it was possible to make certain observations on the order of appearance and character of some of the changes associated with puberty.
Present Investigatio
Clinical mterial. In the present study, the stage of development of m.) or to the the penis and that of the testicles plus scrotum were uire with a seParately as ' prepubescent,' ' pubescent,' liac spine to or 'adolescent.' (It was found that whereas the recorded to development of the scrotum followed closely that ired on lever Of the testicles, the testicles and penis were not ecked, were necessarily developed to an equal extent.) erted to the SRN. The skin of the cheeks, roots of the nose, Lsed -on the and base of the lower lip was examined for comedones, and though their presence was found to be the presence much higher after the onset of puberty, it was not Ibody hair-itself taken as a criterion of diagnosis. The group ia; and the as a whole was remarkably free from acne, and reference to though the few cases that were observed were all the develop-in the more mature boys, its presence or absence weat glands. was of little help in grading. Development of the arly changes apocrme and -sebaceous glands was also regarded as mination or confirmatory rather than diagnostic. those cases GRADNG. On the basis of the clinical examnan' the fact tion, irrespective of age and size, each boy was e of gynae-graded as ' prepubescent,' ' pubescent,' or ' adolescent.' The presence of pubic hair and/or pubescent 10 when the genital development were taken as the criteria of of the fine pubescence. The presence of pubic hair, even when ghtly longer, this was profuse, was not by itself taken as a cnterion appearance of adolescence; for this grading, well-marked describe the increase in girth as well as length of the penis, and ented hain substantial development of the testicles were conpigmented sidered necessary. is; P3 when In spite of the inherent difficulties which must d; P4 when arise over border-line cases (since one stage of )vered, and development will pass gradually and not abruptly to region; and the next), it appeared that grading on this basis was alba, lower substantially valid. A second examination of a hundred and thirty-two of the boys was carried out ed as AO one hundred days after the first, and a second assess-)ne or more ment made without reference to the original onfirst; eleven boys were given a higher grading in view of the advanced development that had occurred during the interval; and the remainder were placed in the same categories as before. 
Results

HEIGHT AND WEIGHT IN RELATION TO PUBERTY
The growth curves of the prepubescent boys cannot, therefore, be expected to demonstrate clearly any changes in rate of growth which may be associated with the period imediately preceding the manifestations used in defining the 'pubescent' group. Similarly with the 'adolescent' group, which includes boys in whom maturity is well advanced but incomplete, and also a few boys in whom genital development has practically reached adult proportions, it might reasonably-be objected that the grading is too wide to demonstrate changes peculiar to any one phase of development.
In the case of the 'pubescent' group, however, the phase of development is more clearly defined, and probably extends only over a period of six to nine months. Changes in rate of growth peuliar to this period might, therefore, be expected in the growth curves immediately before and after the date of examination. With the exception of the growth in height of the 12-to 13-year-old boys, examination of the growth curves does in fact suggest that there is an access of growth (more particularly in weight) in the year preceding the date of examination. Since, however, a somewhat similar increase in annual weight-gain is seen in the prepubescent boys aged 13 to 14 (School A), it was decided to reexamine this age-group approximately three months after the first examination, in order to determine whether there was any significant difference in the increase in height and weight of the pubescent and prepubescent boys aged 13 to 14 during this period.
The results as shown in table 4 were obtained. Thereare, therefore, substantial differences between the increase in height and weight of the pubescent and prepubescent boys over the same period, and since the standard errors are relatively small, these differences can be regarded as significant. (The probability that the increase in height is greater for the prepubescent than for the pubescent boys is approximately 0-10 and in weight only 0-004.) Since, however, the differences in increase in height between the two groups are not shown to the same extent in the increases in leg-length, these results are regarded primarily as an indication that further study along similar lines is likely to be fruitful.
Gynaecomastia The presence of a small nodule of mammary tissue attached to the nipple (which could readily be distinguished on palpation from subcutaneous fat) was observed in twenty-six cases. In the great majority this was bilateral and painless or only very slightly tender. In no case could colostrum be expressed. In most cases where the mammary tissue was more than 2 cm. in diameter, or where the chest was poorly covered, the swelling was visible as wel as palpable, but no very marked case of breast enlargement was observed. The occurrence of gynaecomastia in relation to maturitygrading in the whole group was as follows: showed the same signs plus axillary hair (Al or A2); 10 per cent. showed pubic hair with genitalia graded as prepubescent; and 23 per cent. showed pubescent genitalia with absence of both pubic and axillary hair. In two cases, moderately profuse axillary hair was present in the absence of pubic hair, and with genitalia showing only the earliest signs of pubescence.
The adolescent group was almost evenly divided between those in which axillary hair was present and those in which it was absent. In all cases pubic hair was present, though this varied from P2 to P5. In Dis Whilst accurate maturity-grading of boys should include not only olinical examination but also radiological assessment of ossification and estimation of hormone-excretion, the present study indicates that grading on clinical grounds alone may serve to bring out certain differences in mean height and weight between the groups studied; and that such differences are present long before puberty is reached. If, as seems probable, there are also changes in rate of growth peculiar to the onset and duration of puberty, it follows that standard height and weight curves compiled without reference to the stage of maturity of the children measured will be deceptive when compared with the growth curves of an individual child; thus although the 13-to 14-year-old group contained the greatest number of pubescent boys, it was clear that the age of onset of puberty varied considerably in different subjects, and that in standard curves based on chronological age only, ' puberty-growth 'will not be as clearly demonstrable at any one age-period as it may be in the individual. The relationship of puberty to increase in weight has also a practical importance when mean weight curves are used in the assessment of nutrition of communities of children in their teens, and it has previously been suggested (Ellis, 1945) that severe malnutrition may itself be responsible for a general delay in the onset of puberty, reflected in the shape of the mean weight curve of the affected groups.
Since the present study is concerned only with boys up to the age of sixteen, it gives no information with regard to the mean adult height and weight of those who mature early as compared with those who mature late. Studies made on girls and on adult women, in whom the age of onset of menstruation was known, indicated that the pyknic type tends to mature earLier (Pryor, 1936) and that the adult height of those who menstruated late tends to be greater than that of girls in whom the menarche occus early. In order to obtain comparable information in the case of adult males, it would be necessary to follow up boys who had been examine and graded during their teens, since the age of onset of puberty is seldom accurately remembered or noted in their school medical records. However, if clinical assessment of maturity were included in the routine medical examination of boys, it would be possible to see whether adult height and weight showed any signficant correlation with early or late maturity in the male. Whilst improvement on the clinical criteria employed in the present study could no doubt be made, it is suggested that they provide a simple, if rough, guide to maturity-grading which would serve this purpose.
Another possible application of maturity-grading is in relation to education and physical performance. Since education is based very largely on grouping by chronological age, it-follows that most classes during the early and middle teens will contain boys varying from physically imature children to those who are well advanced in adolescence. Whilst intellctual development is obviously not commensurate with physical development, there are certain disadvantages in educating together boys of very different physical, and often emotional, stages of maturity. When large numbers have to be catered for, and classes have in any case to be subdivided on other than strictly intellectual grounds, it has been suggested that maturity-grading might be used as a basis of division, boys of roughly the same maturity then being educated together. With regard to physical performance, a natural division into maturity plus individual aptitude is more likely to establish itself automatically in athletics and organized games, but in the case of boys in employment, the burden may fall very unequally on the mature and the immature. Legislation with regard to juvenile employment of boys is entirely based on age, whereas in fact maturity is a better basis for deciding the physical demands that can be made on the individual. The raising of the school leaving-age to fifteen will have, amongst other advantages, the result that the proportion of prepubescent boys entering employment will be substantially reduced.
Whilst clinical maturity-grading applied to groups allows certain generalizations with regard to mean height and weight, it should, however, be emphasized that anthropometric measurements alone are an ureliable guide in the prediction ofonset and duration of puberty in the individual. (Thus Flory (1935) 3. The growth curves suggested that there was an increased annual gain in weight, and to a lesser extent in height, which could be related to the onset and duration of puberty. 4. This was confirmed by the re-examination of one age-group after a period of one hundred days, when it was found that increase in height and weight of pubescent boys was significantly greater than that of prepubescent boys in the same school. 5. Gynaecomastia was observed in none of the prepubescent group; in 12 9 per cent. of the pubescent group; and in 32-1 per cent. of the adolescent group.
6. Observations were made on the relationship of certain primary and secondary sexual characters during puberty.
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